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ABSTRACT 



A solid-state television camera wherein the generation 
of synchronous noise is eliminated and the reliability is 
improved is disclosed which comprises an image taking 
lens for photographing a subject; an optical member 
disposed along the optical axis of said lens for reflecting 
the light from said lens in a direction substantially per- 
pendicular to said optical axis of said lens; a printed 
circuit board disposed at a position offset from said 
optical axis of said lens and substantially parallel 
thereto; a solid-state image pick-up element mounted on 
said board for receiving the light reflected by said opti- 
cal member; and various circuit members mounted on 
said board; the direction for reading out said aolid-state 
image pick-up element being opposite to the usual read- 
ing out direction due to an inversion of the light image 
by said optical member. 

13 Claims, 8 Drawing Figures 
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SOLID-STATE TELEVISION CAMERA 

BACKGROUND OF THE INVENTION 

The present invention relates to television cameras 
and more particularly to solid-state television cameras 
which use solid-state image pick-up elements. 

The solid-state image pick-up element is compact in 
size and light in weight in comparison with image pick- 
up tubes which have been conventionally used in televi- 
sion cameras. Thus, its use is very effective for manufac- 
turing a television camera which is compact in size and 
light in weight. Therefore, it is expected that these 
solid-state image pick-up elements will be used espe- 
cially for shoulder cameras which are carried on the 
shoulders of cameramen. 

In general, it is preferable for a shoulder camera to 
have an outer shape such that the camera may be set on 
the shoulder of a cameraman in a stable manner to facilir 
tate easy and smooth operation. Such an outer appear- 
ance requires that it be short in the direction perpendic- 
ular to the optical axis of the camera, and long in the 
direction along the optical axis. The ratio of these 
lengths must be able to be arbitrarily selected 



ber of input and output connectors for the printed cir- 
cuit boards is also large. The reliability is degraded due 
to the large nuniber of connection points between each 
printed circuit board and synchronous noise is increased 
5 due to long wiring. The generation of such synchronous 
noise may be explained in the manner described below. 
Clock pulses must be supplied to a transfer electrode for 
actuating the solid-state image pick-up element 3, ans 
this supply of the clock pulses may be performed by a 
10 clock pulse generating circuit (clock driver) generally 
disposed inside the camera. An equivalent circuit for 
the transfer electrode in this case is a capacitor. When a 
pulse current is supplied to this capacitor, a large dis- 
charge current resulting from the change in the pulse 
voltage flows through the wiring. This discharge cur- 
rent electrostatically or electromagnetically generates 
outer radiation, adversely affecting the wiring. When 
the wiring is long, the impedance is made greater. This 
results in the generation of noise (synchronous noise) 
due to the above-mentioned outer radiation and this 
noise appears on the screen. 

For better performance or higher resolution in a so- 
lid-state television camera, it is also known to use a bias 
light. However, in a conventional solid-state television 
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However, a conventional solid-state television cam- 25 ^^^^^^ ^j^^^^^ .^^ ^ ^^j^ 3 arranged in a 



era is so constructed that a printed circuit board having 
a solid-state image pick-up element such as a CCD 
(charge coupled device) and its peripheral circuits is 
arranged in a direction perpendicular to the optical axis 
of the camera, and the incident light is introduced to the 30 
solid-state image pick-up element directly. Conse- 
quently, the outer shape of the camera is such that it is 
long in the direction perpendicular to the optical axis of 
the camera. Thus, this type of camera is difficult to use 
as a shoulder camera and is usually supported on a 35 
tripod. 

An example of a conventional solid-state television 
camera with such a shape is schematically shown in 
FIG. 1. In FIG. 1, the camera is shown from above with 
its upper cap removed. In the television camera shown 40 
in FIG, 1, an image taking lens 1 is disposed in front of 
the camera, and behind the camera is disposed a printed 
circuit board 2 on which are in turn mounted a CCD 3 
and its peripheral circuits in a direction perpendicular to 
the optical axis of the lens 3. Behind the camera further 45 
are disposed printed circuit boards 4, 5, 6, 7 and 8 on 
which are mounted digital circuits, image signal pro- 
cessing circuits and so on. In addition to the CCD 3, 
many components such as a driving circuit, an input and 
output circuit and so on are arranged on the printed 50 
circuit board 2 in the immediate vicinity of the CCD 3 
to provide various electrical characteristics. Thus, the 
printed circuit board 2 must be arranged in a direction 
perpendicular to the optical axis as shown in FIG. 1, 
resulting in an outer shape unsuitable for a shoulder 55 
camera as has been described above. 

Besides its outer shape, the conventional solid-state 
television camera as shown in FIG. 1 has problems as 
described below. The terminals of the printed circiiit 



board 2 with the CCD 3 mounted on it are connected to 60 the camera body. 



drection perpendicular to the optical axis. Thus the bias 
light must be arranged between the image taking lens 1 
and the CCD 3. This requires additional space, resulting 
in a bigger camera. 

The television camera shown in FIG. 1 is a mono- 
chrome solid-state television camera using a single so- 
lid-state television image pick-up element. However, in 
the case of a two-plate type solid-state television camera 
using two solid-state image pick-up elements, an optical 
system is required for dividing the light from the image 
taking lens 1, and two CCDs are required for receiving 
the divided light rays. In such a case, one of the CCDs 
is arranged at a constant angle with respect to the opti- 
cal axis. This arrangement of two CCDs requires more 
space. In general, a shoulder camera does not adopt a 
system in which the image taking lens is oriented 
toward the subject while viewing through the view- 
finder, but a system in which the camera is manipulated 
while viewing the subject with the naked eye. Thus, it 
is sometimes impossible to photograph an intended sub- 
ject which is very close. In order to prevent this prob- 
lem, it is preferable that the shoulder camera be opera- 
ble while viewing through the viewfinder. However, 
since the CCD 3 is arranged in a dii-ection perpendicu- 
lar to the optical axis in the conventional camera shown 
in FIG. 1, it is difficult to adopt a system which uses a 
viewfinder. 

SUMMARY OF THE INVENTION 

An object of the present invention is therefore to 
provide a solid-state television camera which niay be 
made compact in size, and which requires a smaller 
number of printed circuit boards to be arranged inside 



the terminals of the printed circuit boards 4 and 8 on 
which are mounted digital circuits, image signal pro- 
cessing circuits and so on. Thus, a considerable space is 
required for wiring between each printed circuit board, 
and especially between the printed circuit board 2 and 
the printed circuit boards 4' and 8, adversely affecting 
the compactness of the television camera. Further, since 
the number of priiited circuit boards is large, the num- 



65 



Another object of the present invention is to provide 
a solid-state television camera wherein the generation of 
-synchronous noise is eliminated and the reliability is 
improved. 

To the above and other ends, the present invention 
provides a solid-state television camera which com- 
prises an image taking lens fof photographing a subject; 
an optical member disposed along said optical axis of 
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said lens for reflecting the light from said lens in a direc- 
tion substantially perpendicular to said optical axis; a 
printed circuit board arranged at a position offset from 
said optical axis of said lens and substantially parallel 
thereto; a solid-state image piclc-up element mounted on 5 
said board for receiving the light reflected by said opti- 
cal member; and various circuit members mounted on 
said board; the direction for reading out from said solid- 
state image pick-up element being opposite to the usual 
direction for reading out due to the inversion of the 10 
light image by said optical member. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic view of a conventional solid- 
state television camera; 15 

FIG. 2 is a schematic view of a solid-state television 
camera in accordance with an embodiment of the pres- 
ent invention; 

FIG. 3 is a schematic view of a solid-state television 
camera in accordance with another embodiment of the 20 
present invention which has two printed circuit boards; 

FIG. 4 is a schematic view of a solid-state television 
camera in accordance with still another embodiment of 
the present invention which uses a bias light; 

FIG. 5 is a schematic view of a solid-state television 25 
camera in accordance with still another embodiment of 
the present invention as applied to a two-plate type, 
color television camera; 

FIG. 6 is a schematic view of a solid-state television 
camera in accordance with still another embodiment of 30 
the present invention which uses a finder system; 

FIG. 7 is a schematic view of a solid-state television 
camera in accordance with still another embodiment of 
the present invention which has an infrared-cut filter; 
and 35 

FIG. 8 is a schematic view of a modification of the 
solid-state television camera shown in FIG. 5, 

DETAILED DESCRIPTION OF THE 

PREFERRED EMBODIMENTS ^ 

Several embodiments of the present invention will 
now be described referring to the accompanying draw- 
ings. 

FIG. 2 is a schematic view as seen from above of a 
solid-state television camera in accordance with an 45 
embodiment of the present invention. In FIG. 2, an 
image taking lens 11 is secured to a front plate 12. Inci- 
dent light following the optical axis 13 of the lens 11 is 
reflected by a reflective mirror 14 and reaches a solid- 
state image pick-up clement 15 which comprises, for 50 
example, a CCD. That is, an optical image of a subject 
is formed on the input surface of the CCD 15. The CCD 
15 is attached to the end of a printed circuit board 16. 
On the front and back surfaces of the printed circuit 
board 16 are arranged, in addition to the CCD 15, cir- 55 
cuits 17 including peripheral circuits such as a driving 
circuit and an input and output circuit; a digital circuit; 
and an image signal processing circuit The ends of the 
printed circuit board 16 are secured to the front plate 12 
and the back plate 18, respectively. 60 

^Vith the above construction, the solid-state image 
pick-up element 15, its peripheral circuits and various 
other circuits may be mounted on a single printed cir- 
cuit board. Consequently, the length L of the camera 
along the optical axis of the image taking lens 11 may be 65 
made longer than the width W of the camera along the 
direction perpendicular to the optical axis. The width 
W may be further shortened than the conventional case. 



4 

This results in an outer shape which is preferable for a 
shoulder camera. FIG. 2 shows a case in which all of 
the circuit parts are mounted on the printed circuit 
board 16. However, when all of the circuit boards can- 
not be mounted on a single printed circuit board, an- 
other printed circuit board 19 may be arranged parallel 
to the printed circuit board 16, and the extra circuit 
parts may be mounted on it as in the camera shown in 
FIG. 3. In a camera of the construction shown in FIG. 
3, the length L may be made longer than the width W 
similarly as in the camera of FIG. 2, thus providing an 
outer shape which is suitable for a shoulder camera. 

In a camera of either of the constructions shown in 
FIGS. 2 and 3, many other circuits may be mounted on 
the printed circuit board for mounting the solid-state 
image pick-up element. Thus, as compared with the 
conventional camera shown in FIG. 1, the space inside 
the camera may be vastly decreased. Thus, the dimen- 
sions L and W may be freely selected and an outer shape 
suitable for a shoulder camera is maintained. 

The reading out process of the solid-state image pick- 
up element 15 in the solid-state television camera shown 
in FIG. 2 will now be described. As has been described, 
the output light transmitted by the image taking lens 11 
is reflected by the reflective lens 14 and is projected 
onto the solid-state image pick-up element 15. The 
image formed on the solid-state image pick-up element 
15 is inverted transversely with respect to the output 
light (subject light) from the image taking lens 11. Thus, 
the reading out from the solid-state image pick-up cle- 
ment 15 must be done in a direction transversely oppo- 
site to- the direction of general reading out which does 
not use a conventional reflective mirror 14. For this 
purpose, a shift resistor may be used to change the trans- 
fer direction of the CCD, and an ON chip preamplifier 
is arranged at a side opposite to the general side. 

The solid-state television camera of the present inven- 
tion as described has many other advantages in addition 
to its outer shape. 

First, in the television camera of the present inven- 
tion, the printed circuit board 16 is arranged parallel to 
the optical axis, and the solid-state image pick-up ele- 
ment 15 and the other circuit parts 17 are mounted on 
this printed circuit board 16. Therefore, outer wiring is 
not necessary, resulting in a big decrease in synchro- 
nous noise. Further, as shown in FIG. 3, even when two 
printed circuit boards are used, synchronous noise may 
be decreased greatly as compared with the conven- 
tional television camera shown in FIG. 1. Since the 
number of printed circuit boards can be made smaller, 
the number of terminals for the printed circuit boards 
may also be decreased, resulting in the elimination of 
bad electrical contact between terminals and improved 
reliability of the camera. 

Second, m the television camera of the present inven- 
tion, the incorporation of the bias light source is easy, 
and due to the use of the bias light, the camera itself may 
not have to be made large in size and the transfer effi- 
ciency of the solid-state image pick-up element may be 
improved. Thus, output images of high resolution may 
be obtained. FIG. 4 shows an example in which a bias 
light source is assembled in the television camera. In 
FIG. 4, a bias light source 21 is mounted on a substrate 
23 in opposition to the solidrstate image pick-up element 
16. The bias light from the bias light source 21 is trans- 
formed into a uniform beam by a diffusion plate 22 and 
reaches a solid-state image pick-up element 24 through 
an optical member 24. The substrate. 23 with the bias 
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light source 21 mounted thereon may. also,, servp. a 
printed circuit board as shown in FiG/3vThe pptical 
member 24 reflects. light from the image talcing lens. 11 
and transmits the light froni,,the .bias light source 
through the diffusion plate 22. Such an optical member 
may comprise, for example, *a,pbld mirror. This cpld 
mirror transmits the infrared light and reflects the visi- 
ble light. With such a construction, the bias.light source 
may easily be assembled in the television camera. Fur- 
ther, by arranging the bias light source 21 in such a. 
manner that the optical axis of the bias, light is perpen- 
dicular to the optical axis 13 of the lens 11, the genera- 
tion of shading due to the use of the bias light may be 
eliminated. 

Thirdly, the television camera of the present inven- 
tion shows superior effects when applied to a color 
television camera. FIG. 5 shows a case in which the 
present invention is applied to a two-plate type color 
television camera. In the camera shown in FIG. 5, a 
relay lens 31, a dichroic mirror 33 and a refliective mir- 20 
ror 38 are arranged coaxially with the optical axis of the 
lens 11. The light from the image taking lens 11 is trans- 
formed into a parallel beam 32 by the relay lens 31. The 
blue and red light is reflected by the dichroic mirror 33, 



light from, the linage taking lens is guided toward the 
back of the camera and a finder is arranged on the back 
plateV 

Thus, the present invention is not limited to the par- 
5 ticular embodiments described above, and many modifl- 
cations may. be made without departing from the spirit 
and scope of dte present invention>^For-e xampIer:as 
Showtrin-FI G.-7rthe-sens ttivity-may"be-made-unifom 
OYer:therentire-wa\^ength-b^ 
10 juTid:the:imap^taking-lcns:il^d^dii^ 
^_the4ensil:throUg^^^ 
^cxamplcjjXompjTsew 
infrar^::raysiout«de~th€Cyisible^ 
tele^isionxam^^ 

up elements are disposed on only one printed circuit 
board. However, as. shown in FIG. 8, each solid-state 
image pick-up element may be disposed on its own 
printed circuit board. With such a construction, it is 
easy to 'dispose the corresponding peripheral circuits 
such as the clock driver in the vicinity of each element. 
Further; although the color television camera shown in 
FIG. 5 is of the two-plate type, the present invention 
may also be easily applied to a three-plate type or a 
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and the green light is transmitted therethrough. The 25 ^"""J^Jf^S^^^^ 

1. A shoulder-carried solid-state television camera 
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blue and red light reflected by the dichroic mirror 33 is 
projected through a flrst focus lens 34 onto a flrst solid- 
state image pick-up element 36 mounted on a printed 
circuit board 35. The green light beam 37 transmitted 
through the dichroic mirror 33 is reflected by the reflec- 
tive mirror 38 and is projected through a second focus 
lens 39 onto a second solid-state image pick-up element 
40 mounted on a printed circuit board 35. With the 
above construction, a solid-state color television camera 
with an outer shape suitable for a shoulder camera may 
be easily obtained. With this camera, the synchronous 
noise is eliminated as in the camera shown in FIG. 2, 
and the use of the bias light is easy in the camera shown 
in FIG. 4. 

Fourthly, in the television camera of the present in- 
vention, a flnder system may easily be adopted. FIG. 6 
shows an example of a monochrome television camera 
with a flnder system. In FIG. 6, the light from the image 
taking lens 11 is transformed into a parallel beam 42 by 
a relay lens 41. This parallel beam 42 is partially re- 
flected by a half mirror 43, and is partially transmitted 
through the half mirror 43. The light reflected by the 
half mirror 43 passes through a focus lens 45 and be- 
comes incident on the solid-state image pick-up element 
15. The light which is transmitted by the half mirror 43 
is projected on a flnder 47 through reflective mirrors 48 
and 49, a focus lens 45 and a filter 46. The hald mirror 
43 preferably reflects more light than it transmits in 
contrast to a half mirror which transmits 50% of the 
light and reflects 50% of the light. Thus, in the televi- 
sion camera of the present invention, since the printed 
circuit board with the solid-state image pick-up element 
mounted thereon is arranged to be parallel to and offset 
from the optical axis of the image taking lens, part of the 
light from the image taking lens may be easily taken out 
so as to facilitate the adoption of the finder system. FIG. 
6 shows a construction in which part of the light from 
the image taking lens is guided toward the side of the 
camera and a flnder is arranged at a position which may 
be easily viewed by the naked eye when the camera is 65 
set on the shoulder of a cameraman. The present inven- 
tion is not limited to this construction, and a construc- 
tion may be adopted, for example, in which part of the 



which comprises an image taking lens for photograph- 
ing a subject; optical means disposed along the optical 
axis of said lens for reflecting light from said lens in a 
direction substantially perpendicular to said optical iaxis 
of said lens; one or more printed circuit boards disposed 
at a position or positions offset from said optical axis of 
said lens and substantially parallel thereto; one or more 
solid-state image pick-up elements, with all of the pick- 
up elements of said camera mounted on one or more of 
said boards for receiving the light reflected by said 
optical means; and various circuit members mounted on 
one or more of said boards; the direction for reading out 
4Q said solid-state image pick-up elements being opposite 
to the usual reading out direction due to an inversion of 
the light image by said optical means; the width W of 
said camera being, accordingly, independent of the 
length of said printed circuit boards and the length L of 
the camera along the optical axis of the image taking 
lens being longer than the width W of the camera along 
the direction perpendicular to the optical axis. 

2. A solid-state television camera as recited in claim 1 
wherein said optical means is a reflective mirror. 

3. A solid-state television camera as recited in claim 1 
wherein said solid-state image pick-up elements are 
charge coupled elements. 

4. A solid-state television camera as recited in claim 1 
wherein said circuit members include a driving circuit 
and an input and output circuit for said solid-state image 
pick-up elements. 

5. A solid-state television camera as recited in claim 1 
wherein said optical means is a cold mirror, a bias light 
source is disposed beyond said cold mirror opposite to 
one of said solid-state image pick-up elements, the light 
from said image taking lens is reflected by said cold 
mirror and guided to said solid-state image pick-up 
element, and the bias light from said bias light source is 
transmitted through said cold mirror and is irradiated 
on said solid-state image pick-up element. 

6. A solid-state television camera as recited in claim 5 
wherein a diffusion plate is interposed between said bias 
light source and said optical member. 
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7. A solid-state television camera as recited in claim 1 
including first and second solid-state image pick-up 
elements and wherein said optical means comprises a 
dichroic mirror and a reflective mirror disposed along 5 
the optical axis of sid image taking lens, the light re- 
flected by said dichroic mirror is guided to said first 
solid-state image pick-up element and the light transmit- 
ted through said dichroic mirror is reflected by said 10 
reflective mirror and guided to said second solid-state 
image pick-up clement. 

8. A solid-state television camera as recited in claim 7 
wherein a focus lens is interposed between said dichroic 1^ 
mirror and said first solid-state image pick-up element 
and another focus lens between said reflective mirror 
and said second solid-state image pick-up element. 

20 



9. A solid-state television camera as recited iii claim 1 
Wherein a finder is further included and part of the light 
from said image taking lens is guided to said finder. 

10. A solid-state television camera as recited in claim 
1 wherein an infrared-cut filter is interposed between 
said image taking lens and said optical means. 

. 11. A solid-state television camera as recited in claim 
7 wherein both said first ahd second solid-state image 
pick-up elements are located on the same printed circuit 
board. 

12. A solid'-state television camera as related in claim 
7 wherein said first and second solid-state pick-up ele- 
ments are each located on different printed circuit 
boards. 

13. A solid-state television camera as recited in claim 
7, 11 or 12 further including an optical member disposed 
along the optical axis of said lens for transforming light 
from said lens into parallel rays. 
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UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO, : 4,369,459 

DATED January 18, 1983 

INVENTOR(S) : IWASAWA ET AL, 

It is certified that error appears in the above-identified patent and that said Letters Patent 
are hereby corrected as shown below: 



Claim 5, column 6, line 58 delete "said optical means is a 
cold mirror , " ; 

line 59 change "cold mirror" to — optical 

means — ; 

line 61, change "cold" to — optical means — ; 

line 62 delete "mirror"; and 

line 64 change "cold mirror" to — optical 

means-- . 

Claim 6, column 6, line 68 change "member" to — means — , 

digncd and Scaled this 

Twenty-prst Day of June 1983 

ISEALI 

Attest: 

DONALD J, QUIGG 
Attesting Officer Acting Commissioner of Patents and Trademarks 
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